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(71) We. Matsushita Electric In- 
dustrial Company LiMtTfcD, a Japanese 
company, of 1006 Oaza Kadoma, Osaka-fu, 
Kadoma-shi, Japan, do hereby declare the 
invention, for which we pray that a patent 



flat or curved display panel. The panel can 40 
be flexible. 

Other features and advantages of the in- 
vention wRl be apparent from the following 

_ _ ^ description of embodiments thereof, given 

may be granted to "us. and 'the method by by way of example, and the accompanying 45 
which it is to be performed, to be particu- drawings, in which: — 
larly described in and by the following Figures la, lb and lc arc diagrammatic 

statement: cross-sectional views of a display panel; 

10 This invention relates to a display or Figures 2a and lb are cross-sectional 
display and recording device, hereinafter views of another form of display panel; 
referred to, for brevity, as a display device. Figures 3a and 3b arc diagrammatic 
The invention includes a display device cross-sectional views of another form of dis- 
composing a layer, including a luminesc- play panel; 

' Figures 4a and 4b are diagrammatic 

cross-sectional views of another form of 
display panel; 

Figure 5 is a diagrammatic perspective 
view, part broken away, of a form of dis- 
play panel; 

Figure 6a is a diagrammatic front view 
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15 ent material, the luminescent appearance of 
the device being controllable by eicctro- 
phoretic movement of an eiectrophoretic 
material in said layer. 
The invention also includes a display 
20 device comprising a layer including a sus- 
pension medium and at least cne material _ _ 
in a form susceptible of eiectrophoretic of an electrode for use in monogrammic 
mobility suspended in said medium, at character display panel; 
least one of the components of said layer Figure 6b is a diagrammatic cross-sec- 
25 being luminescent, and at least one of the tional view of the panel of Figure 6a; 

components of sard layer being substan- Figure 6c is a diagrammatic front view of 65 
tially opaque to the radiation which excites an alternative form of the electrode of 
the luminescence or to visible lighU said Figure 6a; 

suspension being bounded by opposed sur- Figure 7 k a diagrammatic perspective 
30 faces, spaced electrodes positioned with view, partially broken away, of an image 
respect of said surfaces whereby on apply- display panel; 

ing an electric field across said layer be- Figures Ba, Zb and 8c arc diagrammatic 
tween said electrodes, the spatial distribu- cross-sectional views of an electrostatic 
tion of said eiectrophoretic material be- image display panel according to this in- 
35 tween said surfaces is elcctrophoredcaHy 
changed whereby to change the luminescent 
appearance to said device. 

The invention makes possible a lumines- 
cent display device having a large and /or 



vention; 

Figure 9 is a diagrammatic cross-sectional 
view of another form of image display de- 
vice; 

Figure 10 is a diagrammatic cross-scc- 
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Tional view of iTd^ostatic image dis- 

P %u K U is a diagrammatic cross-sec 
tional view of a display panel; 



at electrodes 28 and 29 in response to the 65 

* IftTdecp green suspension tab^ 
;.,"d to a unidirectional electric field by 
jccied l ° a "'""/ -o the clcctrophoretic 

. 3m££***# SASHES* ' 

size or shape for- clarity. - charac . 

fttJuSSTd^^ suspension 
,s '^suspension layer 21, in a fluid state 

radiation fiux and yis b to 1 ^ 

suspension mcd turn -/. ™ \j v enlarged 
the materia 26 are shown ? rca ^ 



Fi ^h?s different spatial distribution of the 
mSl ^6 results in a luminescent, appear, 
ancf fcine from that of the original sus- 80 
Son layw of uniform distribution. For 
KSe the panel may show a bright green 
SKtKnode 

-endued iu response to source 32 ^nv-tlu 
laver of the dectrophoretic material dc- S>5 
SSScd on the anode is directly visible 
°he anode 28 without transmission 

fifth 

p'Sc "serial adjacent the anode is ab- 
sorbed on transmission through the suspen- 
s fon med um. Reversal of the direction o 
the field by reversing the polarity of faw 
Sonlied vcltase, causes the electrophone 9s 
Serial™ b5 deposited on the cathode 2- . 
as S! in Figure I.e. and a reversal ot 
the colour characteristic of the paiM. 




45 25 Th e electrodes 28 and 29 are mounted to 
The eicciroaci _ vo |ta2e source 30 

shown diasrrammatically in Figure la 



own aiauiaim»«**- ^ — - , 

Radiation sources 32 and 33, for «ample 

55 ^^^^jT^ 
opposite sides of me . pan n _ 

Hv C r If Uie elShoretie material 
sion layer, a vaa ciw.""i example. 



The foreaoing description assumes that 
J TusjSfon medium is not iunnneseen . 100 
but ihiTmay not l» so. and a Juraine* ^ 
susDenvion mcd urn can be used. In tins 
S^Tpuri may exhibit, at its surfaces 
*Mok which are addtivc mixtures of the 
S^colours of the m^uin the «b 
eicctrophotoreiie material. The ik.vu « 
PPuVlft or figure Ic will show, at clo.- 
frodi 28. colours which are substamu^ 
he lumi nescent colours of lie electro- 
phoretic material or Uie suspension medium U0 
?csnectively. The colour characiensue oi 
Uw ^neT depends upon the spatial, clis n- 
bution of thfelectrophorej c wwg^ 
Umiincsccnt properties of ^ 115 
-nhorctic maienal and the suspension 
medium and rransmission properties of he 
el^irophorciic material and the .suspension 
for radiation flux and. visible >=.«. 
In this way. when the device is exposed to 
Uw radiation flux its Umiincscent appear- 1-0 
aiice will change due to ciccirophorciic 
movement ot the material 26. 

If only a small amount of the clcUro- 
phoretic material is deposited on the anode, 
a half-tone appearance is produced at tnt i- 
a -:L Jf mn «i deni.ndent upon 



the amount of material deposited clettro- 
nhoreticallv on Ute anode. Hence the colour 
characteristic at the anode side of the panel 
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is subject to continuous control by con- 
trol: of the amount of material deposited 
dcctrophoreticaliy on the electrode, and 
this can be controlled by the direction, mag- 
5 nilude or period of application of the volt- 
age. Since the colour at the cathode side of 
the panel is affected by the electrophoretic 
movement of the clectrophorctic material 
toward the anode, the colour of the dis- 
10 play panel can be changed by varying the 
magnitude, the duration and the polarity 
of the applied electric field. 

Electrophoretic material deposited on an 
electrode surface by electrophoresis will 
15 remain on the electrode after the removal 
of the applied electric field, and this means 
that the display device described serves to 
record information without the sustained 
use of electric field or power. The panel 
20-JJan- be -restored to its original colour by 
an appropriate electric 'field of reverse 
polarity or by the application of strong 
mechanical vibrations to the device. An 
applied A.C. electric field to the suspension 
25 layer can aiso effectively restore the original 
colour of the panel. 

Willi the device shown in Figure 1, 
changes of the luminescent appearance of 
the suspension layer can be observed from 
30 both sides of the panel since the radiation 
sources are positioned one on each side of 
the panel, and two walls of the housing and 
the two electrodes arc aK transparent to 
radiation flux and visible light. If it is dc- 
35 sired to observe the device from one side 
only the other housing wall and the attached 
electrode can be replaced by an opaque 
conductive plate such as a metal plate for 
example, and the corresponding radiation 
40 source omitted. A suspension layer com- 
prising a luminescent suspension medium 
and at least one luminescent or non- 
luminescent electrophoretic material sus- 
pended in the luminescent suspension 
45 medium can also be used. At least one of 
the components of the suspension layer, that 
is the. suspension medium or the electro- 
phoretic material, must be luminescent and 
another component must be substantially 
50 opaque to the radiation flux and/or visible 
light emitted from the one luminescent com- 
ponent. The desired opacity can be due to 
absorption and/or reflection of the radia- 
tion flux or visible light 
55 In another form of the device a radiation 
source is disoosed behind the panel and 
visible light is* emitted from the front When 
a device of this type is observed through 
the electrode 28, for example, the radiation 
60 source 32 is removed and the housing wall 

24 and the electrode 28 must be trans- 
parent to visible light and the housing wall 

25 and the electrode 29 must be transparent 
to the radiation flux. The operation of such 

65 a device can be explained with reference to 



Figures la, 16 and 1c If the electrophoretic 
material is luminescent and the suspension 
medium is non-luminescent and strongly 
absorbs light emitted from the electro- 
phoretic material but transmits the radiation 70 
flux without substantial absorption, the 
brightness of the device with the same 
spatial distribution of the electrophoretic 
material as indicated in Figures la, lb and 
lc is medium, high and low, respectively. 75 
On the other hand, if the non-luminescent 
suspension medium does not substantially 
absorb the light emitted from the electro- 
phoretic material but strongly absorbs the 
radiation flux, the brightness of die device 80 
in the conditions of Figures la, lb and lc 
is medium, low and high, respectively. Thus P , 
the colour characteristic of such a device at 
die side opposite the radiation source can 
be, change^-by^-pplication of a suitable "85— " 
direct voltage. There can aiso be used sus- 
pension layers in which the suspension 
medium is also luminescent, or the electro- 
phoretic material is non-luminescent but 
the suspension medium is luminescent 90 
When there is only one luminescent com- 
ponent in the suspension layer another 
component in the suspension layer must be 
substantially opaque to radiation flux or 
visible light emitted from the luminescent 95 
component 

A device in which the radiation source is 
located behind the panel is useful for many 
display purposes as it does not require a 
large space in front of the panel. i00 

The unidirectional voltage for control- 
ling the eiectrophoretic material need not 
be a constant direct voltage and may be 
any other unidirectional voltage such as a 
pulse voltage or pulsating voltage. 105 

The radiation flux for activating the 
luminescent suspension layer can be any cf 
a number of suitable sources: in addition 
to ultra-violet light there can be used 
visible light x-ray, 7-ray. electron beam or no 
a-particlcs. Such luminescence phenomena 
arc usually called photoluminescencc, radio- 
luminescence or cathodoluminescence, res- 
pectively. Examples of ultra-violet sources 
include Auoroescent lamps, mercury lamps, 115 
xenon lamps -or sun light 

Ultra-violet fluorescent lamps such as, 
for example, a lamp radiating in a range 
about 2537A, chemical lamp radiating ultra- 
violet light of about 3000A or a black light 120 
lamp radiating ultraviolet of about 3600A 
arc convenient to use. By positioning several 
lamps behind the display panel a relatively 
slim display device can be made, emitting 
visible light information from the front of 125 
the panel. 

It is not necessary that the radiation 
source should be positioned outside the 
suspension layer, and the source can be dis- 
posed inside the layer. Radioactive isotopes 130 
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tritium or prometh um w $ „ thc 

flux such as su i ta bl e radio- 

suspension layer a Qne i unlin csccnt 

5 active isotope and at lc^ ^ 

Sfgft SSa & f T the isotope 

K Vvice is rfHgljS?^ 
ternal source of rad ation h ion 

aid the to«.^^ h ^T. °SSc fidd 

one component consistm, <* fon 
luminescent matenal in W W 
layer, an f^SA^Se dectrolumto- 

20 s^^.^^SrvSble light The 
«cent ^^^^^St* can be any 
electric field Wto P^fc" inclu d} ng an 
suitable imte-varying ,/TicS S itive pulse 
alternating eke nc : fod. *^P- 1 el( £ tr0 . 

25 field or a pulsa U "S '£ £ n an c i cct ro. 

phorctic « a «"? ri .^ n h f suspension layer 
luminescent materw.. u»c s«.u, Ucation 

can b made to ^ l ^JggW P[ ^ 
of. for example, an vona^ ^ 

30 ^"S^ygtl. An electric 
trodes 2u ana m ». _ <t ,cncnsion layer 
field «PP>W c «a t £ i ^change *c 
to control tfs # Wj^ e declroptoreilc 
spatial .•ta^yift: Sum estab- 
. 35 material m the suspenao a j 
lished by ^appSicatio. ot t h- unw _ 
voltage. For example, » H» 
ti0 „ 51 do^toiaf m- erUsuc^ fcy 
shown in Fgures U> or ic . 
40 the appl^4 -™Z*S** field 

the clectrophoret.c ^njjujj thc ?«. 
the magnitude, the ' ™"™'?L, ttOB applied. 

the extent of vibrating »^? b ^ clcc . 
35 oMhc applied voltage. 



deposited on the anode surface, whereby the 
dwicc mils dectroluminrtccnt light at 
feSodL In consequence, a device having 
a suspension layer in a liquid state bnght- 
Hied by an electric field having a direct 70 
Sponent. cannot produce a &um* 
half-tone display because the applied volt- 
5? deposufall of the decWpU ^ 
tcria! on the one electrode. If. as «Jf«JJ 
hereinafter, thc suspension layer is hard- 75 
SSffWdefci spatial tisu*utt»aE 
the electrophoreUc material is establuhcd 
by the unidirectional field, application of 
2y Scctric voltage from thc voltage source 
30 y across the iwpeoslon layer to conuol SO 
?he brightness of the suspension layer can 
Saintain the desired colour of the display 
without changing the spatial distribution of 
3k Tclectrophorelic .material in the suspen- 

tinn medium. '' ' ' , : - '.: . " , 

The suspension layer may also consist of 
an electroluminescent electrophoreUc ma- 
terial suspended in an electroluminescent 
^pension medium. If the colour of the 
ifcht emitted by electrophpretic and sw- 90 
pension mediums differ m hue and/or 
Saturation, the colour characterise of the 
display can be varied over a wide range 
bv varying the polarity of. for example, a 
S P S pulse voltage applied across the 9:> 
usplnsionlaycr. The electroluminescent 
suspension medium can ^ prcpa^ Jfj^tor 
example suspending an electroluminescent 
non-ckctrophorclic material in non-c!cctro- 
rumine^ntsuspension medium. In the pre- 100 
"nl specification, the expression "susnen- 
'ion medium" includes not only a single 
phase liquid or solid medium but also a 
SensiSn comprising nou-ckcropho* c 
particles suspended in a liquid or solid io.-. 

'"^"'suspension medium opaque to visible 
liaht can' be prepared by dissolving a 
coloured substance, such as a dye m a 
colourless liquid, or by suspending elcclm- no 
ally neutral coloured panicles, such asd>u> 
or pigments, in a colourless liquid. As an 
example, a deep blue suspension medium 
£nT preparedly dissolving oil black dyes 
in cthjl acetate or kerosene. U5 

Fiaires 2a and tt.show anotfier form of 
dismay moans: in these and in jub^uen 
FiAires. similar parts bear similar refer- 
ences. In Fmure 2 a luminescent or non- . 
luminescent porous layer is inserted in a 120 
su^ension medium 36. Thc -suspension 
medium 36, the porous layer o5 and ihc 
elwlrophorctic material 26 together make 
up a luminescent clectrophoretic suspen- 
sion laver 37. Merely to facilitate cxplana- 1-5 
tion it is assumed that the suspension 
medium 36 is non-luminescent and transpar- 
ent with respect to radiation flux and visible 
lisht. In the device of Figure 2a. when i the 
device is subjected to radiation flux on both UU 
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its surfaces, a luminescent colour will be 
produced which is a mixture of the lumin- 
escent colour of the clectrophoretic material 
26 and that of the luminescent porous layer 
5 35, if the porous layer is luminescent and 
the colour can be seen from both electrodes. 
In Figure 2 and subsequent Figures the 
radiation sources are omitted. 
If for example the porous layer emits red 
1° light when subjected to ultra-violet light, 
the display device emits yellow light at both 
electrodes, being an additive mixture of 
the red luminescent light of the porous 
layer 35 and the green light of the clectro- 
15 phoretic material. If a unidirectional electric 
field is applied between the two electrodes 
28 and 29, the clectrophoretic material is 
caused to pass through the porous layer and 
to be deposited on. one electrode, depending 
20 upon^Ks polarity, for example the anode, 
as shown" m Figure 2A. Also, for ease of ex- 
planation, it is further assumed that the 
display is observed from one side only, that 
is from the side of wall 24 and that the 
25 radiation is dircclcd against that side only; 
in such an arrangement the housing wall 25 
and electrode 29 could be replaced by an 
opaque electrode such as for example, a 
metal plate. K the layer of electrophoretic 
30 material 26 deposited on anode 28 is opaque 
to the radiation flux and/or the light emitted 
from porous layer 35, the device in the ex- 
ample given will show the green colour of 
the* clectrophoretic material. With a direct 
35 voltage of opposite polarity applied between 
electrodes 28 and 29, the clectrophoretic 
material is caused to pass through the 
porous layer 35 and to be deposited on the 
electrode 29. If the porous layer is substan- 
40 tialiy opaque to the radiation flux and /or 
the light emitted from the clectrophoretic 
material, the red light emitted from the 
porous layer in response to the radiation 
will be seen. Thus, the colour, characteristic 
45 of the device can be changed from green 
through yellow, to red, or vice versa, de- 
pending upon the polarity of the applied 
direct voltage. 

In another arrangement, the radiation 
50 source is arranged behind the panel, as 
source 33, and no radiation is directed against 
the waH 24, from which side the device 
is observed. If the porous layer 35 and the 
clectrophoretic material 26 are opaque to 
55 radiation flux but transparent to visible 
light, or are opaque <o visible light 
but .transparent to radiation flux, the 
colour characteristic of the device can be 
changed from the green, through yellow 
60 to red. or Vice versa, again depending upon 
the polarity of the applied direct vdtagc. It 
is not always necessary that the porous 
layer and the electrophoretic material 
should both be luminescent: if one at least 
65 is electroluminescent, the colour character- 



istic of the device can be changed by vary- 
ing the polarity of a respective direct voltage 
pulse or a pulsating electric voltage from 
voltage source 30. 

The porous layer 35 can be made from 70 
any luminescent or non-luminescent sheet 
material in which pores exist or can be pro- 
duced. The pores must be of a size large 
enough to permit the particles of electro- 
phoretic material to pass through but must 75 
be as small as possible to disturb the trans* 
mission of radiation Mux or the light 
emitted from the luminescent component. 
Suitable materials include cloth or a mesh 
fabric woven of natural or artificial fibres; 80 
a fibroid sheet having thousands of irre- 
gular pores; a thin plate with a very large 
number of very small holes; and a sheet 
of material of a granular nature bonded 
with resin or an adKSSS agent to form a 85 
porous structure. 

fa the construction of Figure 3a, a sus- 
pension medium 39 includes at least two 
kinds of clectrophoretic materials 40 and 
41 in finely divided powder form. For sim- 90 
plicity of description, it is assumed that the 
suspension medium 39 is non-luminescent 
and transparent to radiation flux and visible 
light. The suspension medium and the ma- 
terials 40 and 41 together provide a lumin- 95 
esceni electrophoretic suspension layer 42. 
Hie two materials 40 and 41 differ with 
respect to charge polarities and luminescent 
properties. It is not necessary that both of 
the electrophoretic materials 40 and 41 of 100 
the suspension layer should be luminescent. 
This device displays at its opposite sides 
a colour which is a mixture of -the lumines- 
cent colours of the two kinds of clectro- 
phoretic materials 40 and 41 when excited 1° 5 
by radiation flux or alternating electric 
field. 

If a unidirectional electric field Is applied 
to the clectrophoretic suspension layer, the 
two clectrophoretic materials 40 and 41 of H° 
dillercnt types arc caused to move clectro- 
phorcticafly in opposite directions. The ma- 
terial of positive polarity moves towards the 
cathode and is there deposited, and that of 
negative polarity moves to and is deposited H5 
on the anode, as indicated m Figure 3b. 
If the materia] of positive polarity emits, 
for example, green light and the other and 
negative material emits, for example, red 
light, a spatial distribution of electrophoretic 120 
materials 40 and 41 as indicated in Figure 
3b wiH result, producing a green colour at 
the cathode side and red colour at the 
anode, since the dectrophoredc materials 
arc substantially opaque to radiation flux 125 
and /or visible light 

Before the unidirectional electric field is 
applied the device has a. yellow colour at 
both electrodes, due to uniform spatial dis- 
tribution of the grccn-iumincscent material 130 
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"and the red-luminescent material, as indi- 




voltaic. A device can * , 7., An* 
rSiaticn source at one s.do only as des 

cribed above. . ... . a„ ai *ci 

In '.he device shown m ^S^" " ,r 
4/, an electrophoret:: suspension layer 4, 

kiiually. the ^gJ^^£^A± is 
bsth wdes^a K^-2 C ~ colours of the 
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cent component in the suspension layer a 
e*cued oydic radiation llux or electric field 
such i as alternating pulse or pulsating dec- 

iri- field applied thereto. 

'"^JSLcnt P^f W Ln h trol U l? C, a 
sion laver is susceptible of control D, a 
d£"-t 3t rlr c field applied to it: inc applied 
field cto he spatial distribution ot the 
eleclroihorcUc material in the susnaiwon 

nitude of the radiation llux *or prodLwi.iL a 
brightness of the luminescent compon- 
ent in the suspension layer changes and /or 
tS Httemiiwd from the luminescent com- 
oonent in the suspension layer changes in 
XgVand/or sp£tra! Pg)' 
n«ht cmcrees from Uie devh-e. iik. sus 
Kok layer, therefore, must comprise at 
E°one component which is ^uafiy 
jri—.- w uu i.v:n.vt io He -radiauon llux 
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40 



45 



50 



eucct or me > w "~'\r;:r H; „, f a'sctric field 

n Figure 46. The Ovvicc n i 

and/or visible light. 

tU colour o. to ^S^bS ^ 
!TJ 1 ^fo^apSS!«ci "votes* 
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suspended ui me "'^"""v " " 4 ~ r an d.'or 

one lumincsc ^";j,tr„r of a suspension 
^luJTL cSS&nSc material' and a 
!^rCe- The luminescent suspension 
65 K em^ viable light when the lum.nes- 



cent component in the susp.«nsion toy. 
orooue coinponcnt consists of at least, one 
XpSncnt. Sot including 
cent component, and may be seized rom 
the group consistmg of the suspension 
nudiuV the clectrophorctic materia I and 
the norous layer. In Figures I to t. it «w 
deXi?e obscned from one side only, for 
e^ nple from the side of electrode 2S. the 
toS r«U 24 and the electrode . 28 nvjj* 
be transparent with respect to visible light 
When the suspension layer is excited so as 
Silk light P in response to the radianon 
llux it is further necessary that at .-.-si loO 
one of the housing walls 24 and 2> and 
U e electrode adjacent that wall, should be 
transparent to the radiation 0™ «i » 
ossible to construct devices of dilfcrcn 
S by directing the radiation source toward 105 
Si 24. that is. toward the front oi U.e. 
panel or toward wall 25, that is. with t,ie 
S behind the panel In any arrange- 
ment ihc '-vail and the electrode facing .iic 
rSion source must bo transparent to the ,,q 
radiation llux. 
In Fsaure 5. a suspension layer 50 can 
any* one of the possible lumiuesceiu 

and is enclcied in a housing 22 having op- 
major walls 24 and 25. The first e fcc- 
Sode 51 carries a paiiern, or symbol, shown ^0 
a- an E-shaned svmbol. Vm second eke- 
trode 52 extends' substantially unuorniiy 
across Uie entire wall 24. The device is in- 
tended to be observed only from the side of 
wall 24. and so wall 24 and the electrode 125 
<P are made transparent to at least visible 
iidit If the electrophoretic suspension layer 
SO is electroluminescent, the device will dis- 
play the symbol *E* upon application of. for 
"wnpte. 'a sinusoidal alternating voltage. l->0 
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or an alternating or direct pulse type voltage 
between electrodes 51 and 52. The colour 
of the *E* can be changed for example by 
reversing the polarity of the applied direct 
5 voltage. # 

When the layer 50 emits light when ex- 
cited by radiation flux; the device is pro- 
vided with at least one radiation source, in 
front of or behind the panel, and die wall 
10 and electrode attached exposed to die radia- 
tion flux must be transparent lo it The 
colour characteristic of the symbol- can be 
changed, while the suspension layer is ex- 
posed to radiation flux, by varying the mag^ 
15 nitudc, duration of application or polarity 
of the applied direct voltage. 
The construction shown in Figures 6a 

electro 



elcctrophoretic material suspended in a 
suspension medium, enclosed in a housing 
22 having major walls 24 and 25. 

A first electrode consists of a series of 
strip electrodes x tt x-, x 3 , . . . which are 70 
parallel lo each other and are attached to 
the inner surface of wall 24. A second 
electrode is attached to the inner surface 
of wall 25 and consists of a further series 
of strip electrodes y u y.„ y„ • . . parallel 
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to each other and at right angles to elec- 
trodes x». x., x 5 . . .. 

If the device is to be observed through 
the wall 24 the wall 24 and the adjacent 
electrode must be transparent to visible 
liriit When the suspension layer 22 is ex- 
cited by the radiation flux so as to emit 
and 6/> includes a luminescent electro- light, the device has at least one radiation 
phoretic susnension layer 50 which can be source in front of or behind the panel, fhe 
any of thfiH^flctroohorctic suspension layers fusing- Avali-and -the -electrode facing to- 
dewribcdsSh as* rayer* 2tr 37. 42 or 44. ward trie radiation source are transparent 

The laver includes at least one electro- fl '~ 

phoretic material suspended in a suspen- 
sion medium and is enclosed in a housing 
22 having two opnodtc major walls 24 and 
25. 

A first electrode 53 is composed oc a plur- 
ality Ct separate segmental electrodes 
S t — 5 T . A second electrode 52 extends uni- 
formly over tfie area of wall 24. The wall 
and electrode through which die device is 
observed are transoarcnt to at least visible 
lisht. When layer 50 is exposed to radia- 
tion flux IQ cause it to emit light the wall 
and adjacent electrode exposed to radiation 
flu:: must be transparent to the flisx. Elec- 



75 



SO 



85 



40 



45 



50 



55 



trades S.— S T arc connected through con 
ductivc leads Lo elccirical terminals T,— T- 
pesitioncd on the exposed surface of the 
wall 5 as shown in Figure 6b. The elec- 
trodes S t — S 7 provide a monogrammic de- 
vice, so that different combinations of the 
electrodes St— S : can be used lo present 
different numbers or characters when a 
direct electric field is applied across the 
selected segmental electrodes and the sec- 
ond electrode 52 while the suspension layer 
50 is exnosed to radiation flux. For ex- 
ample, a'direct electric field applied across 
the electrode 52 and the segmental elec- 
trodes S„ S 4 , S ; ,,S tt and S T wHJ cause the 
device, to display a formalised figure 3 . 

Tn another method of connecting the seg- 
mental electrodes S,— S r to the respective 
terminals, shown in Figure 6c, the electrodes 
are connected to electrical terminals located 
on the edges of the wall 25 by using leads 
L,— L r formed on the same surface as die 
segmental electrodes. Odier methods of 
making the necessary connections can be 
adopted. 

The construction of Figure 7 includes a 
suspension layer 50 which can be any of the 
layers described such as layers 21. 37, 42 
65 or 44 and as such includes at least one 



60 



with respect to the radiation flux. 

A unidirectional electric field is applied 
between one electrode of the series x 4 . x 2 , 

x n and one of the series y^ y 2 . y a , . . . 90 

If, tor example, voltage is applied between 
electrodes x s and y a , tiiat part of the sus- 
pension layer 50 at the intersection elec- 
trodes x- and y- is subjected to the field 
and forms one picture dement The 95 
narrower the strip electrodes, the smaller 
the picture elements thus formed. 

More tlian one electrode can be selected 
from each series to enable a desired pattern 
of picture elements to be built up. Scan- 100 
runs techniques can be utilized to scan the 
picture elements sequentially and cyclically. 
"The desired series of strip or segmental 
electrode: as shown in Figures 5. 6 and 7, 
can be prepared by any suitable method, \05 
such as electrodcposition. vacuum evapora- 
tion, printing ^orphotcetchingjechniques. 
" Another embodiment of the invention is 
shown in Figures 8a, 86 and 8c This in- 
cludes a suspension layer 50, which can be 110 
any of the layers previously described. The 
layer includes at least one elcctrophoretic 
material suspended in a suspension medium 
and is enclosed in a housing 22 having 
spaced walls 55 and 56; at least one wall. 115 
in this case wall 55, consists of a sheet of 
an insulating material such as polyester, 
cellulose acetate, cellophane or polyethyl- 
ene. 

An electrode 57 is placed on die outer 120 
surface of the wall 55: it is not fixed to the 
surface of the wall and can be easily re- 
moved. The electrode is, however, coupled 
lo the suspension layer 50. The second 
electrode can be, for example, a metal plate 125 
and as shown is constituted by the other 
wall 56 of the housing. 

If the second waH has a high electrical 
resistance, a second electrode can take the 
form of a thin electrically conductive film 130 
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10 Metric field is ap^'ed corresponding paj- 
terns arc prodded on the surfaces o : waHs 
« I and 56 due to the movement of the 
^roVoretic materia!, and this ; pattern 
will persist after removal of de-troth, a/. 

15 The Wall of the housing through winch the 
K observed must te Wwent to 
Se light and the wall exposed to radia- 
tion fiux must be transparent to it. 
^rhe^lectrodc 57 can be a manipulablc. 

of *e !Xf by applying «* bet ween he 
25 pen electrode and electrode at 56. wmie me 

d XSJred eS d c field across the sus- 
pens ion £5 50 can be produced by surface 
ShSta- of the high resistance wall 55. 
30 usinfcharSd particles such as ions or dec- 
irons in a manner sutular to taat usca in 

rol£ hSa a condueliw surface <» 

40 the erasing electric held. 

It is preferred to insert between walls 5p 
aid 56 a spacer such as a porous layer So. 
Aown ^Figure 8*. or a sheet .59 having 
a lar'e number of proccuons. as shown m 

45 FiSSS parlicularly.wl.cn the ^.^ Is are 

0 flexible material. Said spacer is substan- 
?Wlv transparent to visibe l.gh t arindg 

1 on flux and serves to keep lac walls 53 
and 56 apart, and preserve .the desired 

50 Scncss of layer *> despite pressure 
-DoUed to the wall of the housing, due to 
Assure of the electrode 57 or to ► bend- 
in- of the housing, where the deuro- 
phoredc suspension layer »» - 
S5 The snacer can be made from any shea 
" havin- ™res or projections and suitable ma- 
feriahs a screen made of nylon or TcLrom 
Tctron is a trade name of a polyester fibre 
available in Japan. The porous layer j5 

or luminescent but the spacer 58 or 59 is 
substantially transparent and non- ummes- 
ccnt and may act as a mechanical spacer 
SU? walls of the .housing The 

65 spacer can be merely inserted between the 



two walls, or one or both surfaces of the 
spacer can be attached to the surface of Ae 
adjacent waU. The spacer need not be ^ui- 
sertcd in a suspension layer which includes a 
porous layer such as 35. if that layer is cap- 70 
SJe of serving as a spacer between walls 

of the housing. . 

Another torn of construction is shown 
in Figure 9. Housing 22 has an insulating 
wall 55 and a wall 25 to winch is attached ,5 
L e&srode 29. connected to a voltage 
Source 30 Wall 25 and dectrode 29 are 
transparent to at least visible light Housing 
22 contains the electrophoretic suspension 
layer 50 and the housing is designed to 80 
form the front face of the envelope 60 of 
a cathode ray tube device. 

The device includes an dectron gun 61 
and scanning means 62. by which ..negative 
• electron charges ^a^^ttsm^a be ..85_ 
deposited on the insulating surface of the 
wall 55. Bv modulating the beam intensitj. 
for example in accordance with a video sig- 
nal the charee pattern built up will pro- 
'H' U I .. ';«c««nH5n ff electric field across 



pension layer is exposal to rauiauoii ^ uu*. 
liable patterns are reproduced on the walk 
->% and 55 due to the movement of tne c!cc- 
Soniioretio material. Conveniently the radia- 95 
lion flux can be directed onto the suspension 
laver throush a transparent window 63 in the 
cn-«lopVand through «dl 55 or through 
the wall 25 and electrode 29. In he .latter 

if the e'ectrod-c 29 and wall 25 are 100 
transparent to radiaUon flux and to visible 
liaht the window is not necessary The flrbt 
-ic-trode 29 acts as an anode, atid the eiec- 
Iron =un 61 acis as a cathode. The visible 
pattern can be erased by a suitable second- 105 
arv emission characteristic of will 55. 

In a modification of die display deuce 
«howa in Haure 9 tlic wall 55 is. replaced by 
a wire-moaic faceplate consisting o a 
thin glass sheet having embedded therein 110 
a'laree number of fine transversely .extend- 
ing wires. This wirc-uicsaic provides the 
electrical connection between the ejection 
beam in the vacuum and the dectrophoretic 
suspension layer outside the vacum. The U5 
electron beam charges the 
mosaic aud so applies an fflput dearie field 
across the suspension layer. 

Fiaure 10 shows an arrangement includ- 
ing the suspension layer 50 which can take t-u 
any of the forms described. The layer in- 
trudes at least one- electrophoretic material 
suspended in a suspension medium .and is 
applied to a base plate or sheet 65 which can 
be of material sudi as paper, metal or l-^ 
plastic The base plate is placed on an elec- 
trode 66. Since the suspension layer is not 
confined within a housing, it must have high 
viscosity, but must be capable of being 
broudit to a condition in which the re- '•>" 
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quisite degree of dectrophotcric mobHity 
is possible when voltage is applied. A suit- 
able suspension layer may be in a solid state 
at room temperature but capable of being 
softened by a suitable method, such as 
heating or the addition of a solvent. 

An electrode 57 is shaped to give a de- 
sired pattern of contact with the surface of 
the suspension layer. A direct electric field 
is applied between the electrodes so as to 
move the clcctrophorelic material clectro- 
phorctically while the suspension layer is 
softened by heat or by means of a solvent 
The suspension layer is exposed to radia- 
tion flux and when thereafter die electrode 
57 is removed the pattern remains on the 
surface of die suspension layer. If the base 
plate is transparent, a complementary pat- 
tern of different colour can be observed 
through the base plate. A permanent pattern _ 
can be produced by cooling* the SfBjSSSfoh* 7 ' 
layer or by evaporating the solvent as the 
case may be. If the base plate 65 is con- 
ductive, it may be used as the electrode, and 
a separate electrode 66 is not required. 

The . luminescent component in the 
luminescent elcctrophorclic suspension layer 
can be a fluorescent material of the type 
used in fluorescent lamps, scintillators, 
cathode ray tubes, radar or luminous paints. 

The luminescent clectrophorctic material 
can be organic or inorganic fluorescent ma- 
terials in^a finely divided powder form; 
fluorescent pigments or dyes can be used 
directly. Fluorescent material which can be 
used include material in the form of a main 
body consisting of the oxide, sulphide, 
sclenide, silicate, phosphate or tungstate of 
metal such as calcium, barium, magnesium, 
zinc, cadmium or strontium. A small amount 
of manganese. sHvcr. copper, antimony, lead 
or bismuth is added, as an activator, to the 
main body. Organic fluorescent materials 
which can be used include dyes such as 
diaminostilbenc group, fluorescein, thio- 
flavine, cosine or rhodamine B. 

The luminescent appearance of the ma- 
terial refers to the intensity and /or spectral 
distribution and persistence of the light 
emitted from die luminescent material in 
response to radiation flux or electric field 
applied thereto. Suitable luminescent sus-*' 
pension medium can be prepared by dissolv- 
ing the fluorescent dye in a liquid carrier 
or by suspending electrically neutral fluores- 
cent material in'fincly divided powder form 
in a liquid carrier. 

The luminescent porous layer can be 
prepared by using non-luminescent cloth, 
mesh or porous "layer material, dyed or 
coated with fluorescent dye or pigment or 
by binding together fluorescent material in 
granular form, using resin or adhesive 
agent, to form a porous structure. The 
65 clcctrophoretic material need not be lumin- 
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esccot when the suspension medium or the 
porous layer is luminescent; non-lumines- 
cent dectrophoretic material which can be 
used includes, for example, carbon black, 
graphite or titanium dioxide. Black pigment 
may be opaque due to absorption of visible 
light and white pigment may be opaque due 
to reflection of visible light 

An clectrophorctic material suspended in 
a suspension medium usually has a charge 
which is positive or negative depending upon 
the properties of the electrophoretic ma- 
terial and the suspension medium. 

"The electrophoretic suspension layer 27 
or 37 of Figures la or 2a can consist of a 
single clcctrophoretic material of either 
positive or negative polarity, suspended in 
a suspension medium. The dectrophoretic 
suspension layer 42 or 44 of Figures 3a 
or 4a must include at least two kinds_of 85 
electrophoretic materials slispendccTTn- -the 
medium. These two kinds of dectrophoretic 
materials must have different luminescent 
properties, and different charge polarities 
or clcctrophoretic mobilities. Accordingly, 
in preparing an clcctrophoretic suspension 
layer such as 42 or 44. at least two electro- 
phoretic materials having suitable lumines- 
cent properties and electrophoretic proper- 
ties must be sdectivdy suspended in the 
suspension medium. 

The suitable average particle sizes of the 
finely divided particles depend upon the 
stability of die resultant dectrophoretic sus- 
pension, and lie usually in the range from 
0.1m to 50/.... 

It is advantageous to add a suitable 
charge control agent, dispersion agent or 
stabilizing agent to die electrophoretic sus- 
pension layer in order to provide a stable 105 
suspension layer. To control the charge pro- 
perty of the suspended partides, it is pre- 
ferred to use particles coated with a resin 
which is not soluble in, or only partially 
soluble in. the suspension medium. If the 
coating resin is partially soluble in the sus- 
pension medium, it can also act as a fixing 
agent for a displayed image. 

There can be used, as a suspension 
medium any suitable liquid which is inert 115 
to Lhe dectrophoretic material, the porous 
• layer, the housing and the electrode. For 
producing a temporary display there can be 
used as a suspension medium in a liquid 
slate ai room temperatures, that is from 
tVC to 35 3 C. Suitable suspension media 
include, for example, kerosene, trichlorotri- 
fluoroethane, isopropyl alcohol, mineral oil. 
liquid paraffin or olive oil. For producing 
a permanent display, that is, a permanent 
or semi-permanent copy, the suspension 
medium may be one which is in a solid 
state at room temperature but can be 
rendered fluid or liquid-- above room tem- 
peratures, that is. above 35°C Such media 130 
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wax. . . iM „-y.« and sir.iHar mc- 
When using ^^f&c suspension 
5 icrfcls, the device or at £ 
laysr. raust be kept a J a -uaa 
tur3 above .won. »^f£- ¥ta) to ten 

sub jwscd to the oitv- 
10 higher tenjperature a nd the ^ spa 

I5 ass ztj&fts&vst 

susraiswa a >" f ."f e ,„ clr0 |umuiesccnl sus- 

"tS ^Den^iou medium may consist of 
Tne suspe-^io" i fch , s , n a 

25 a ihennoscttab:C mai ,"„' raturc . a corn- 
liquid state at r f m s Jf a 7k ra thcn' obtained 

dude, for example, drjin ou 

seed oil. «Py* ^"^i&dc a binder 
35 suspension medium u«.> iu or 

linseed oil wi "^,; N d l vJ td powder form, 
material in a finely divgca p nUy 
and a hard copy hawng a ^ bc 
40 visible image reproduced J'^ u tho 

obtained ^..^^e^rauon o*r cs- 
residual medium. T. w evapc 

traction of the mc ^'Xd the mediun,'. 
reduced P^ c ^S„ l °thc housing in- 
45 for example, by " n a -L rial m the sus- 

material. T°I.^ m Si^ ." sheet having a 

can 



^aloSu^^^ 

^rX^r^a^y^ 70 
3?S5fcc the elector- 

poured! and the inlet closed «hco the 
o^tftfe can be obtained 
bv cSaiina at least one of the dec rod*, 
with an insuring layer in Jj 
c.^n-nsion laver. Tnis insulating Ia\c. im- 
nrovc? he rSistan cgof the suspension layer Sd 

of hiaher electric voltage. ™, b >" *S 
fc easier to remove the electro phorelw 

5Sw ihc appropriate electric Odd. 

F,a Ura 11 shows an example of a con- 
section using an insulating layer, a hrst 
ee trod" M « coated whh.an msuiatins 
fcv* 7 > which is insoluble j» 9. 

Sing material. The 



material, i-or b^/^ haV!il!! 
be formed from walls c_„ 

central opening. aic „f', 5 atc SCCU red bv 
55 be provided wi'Ji a metal plat ■ ^™ , ay 
ad l;esive jo thetaje. ^ 
serve as one « c - iro ° c id d by a transparent 
^pS^drthtlrame by adhesive. 

live ihm.^ * u ' n 'ttal Tlic transparent 



latine material. The insulating v«. 
Sed by coating the df^gfe ^no 
£iamolc vinyl acetate resut. poljsty.ol or 
Sun which forms a transparent insula - 
?S layer suhabic for a transparent wall of 
t hi housfai". The thickness of the layer _ 70 
on Ac electrical resist f ^.ch u 
Sfterfnsd that the layer and the 

ffi'SoTSlali* I*!*™ « 

electncal resistance no greater than that or ^ 

'^iTusSrsion^-can be- divided to 
nr-St « fSfcs of individual cells or cham- 
P.^ nested to form a composite fcyer. For 
SSiSoas shown in Figure 12a the siispcn- 
s on lav^r 50 is split up by a plurality of 115 
snaccrs 71 extending traverscls ot 
lI-eTlo as to presein" a number of cells 
T» ? raS SmahU the suspension. Jte 
srk-w can be provided by a sheet of ma- 
SfalW havina : holes ihercm. as shown m 1-0 
^13. used so as to divide^ 

SIO! 



r i<-ure 13. usea so as iu u«.w »- * us P < ;! , e 
into separate chambers or cells, 
he Sis fornted by holes 74 or other- 
v/Wc t ew have sny suitable shape, such as. 
square, as sltown in Figure 13. circular re. - l- 
waular. hexagonaL and so on. The vdls 
c"n be reautor or irregular in shape and 
S^ry widely in dimension and dspow- 
K or order. The dimensions, of the cell* 
are sScsted in acccrdancc with the desired l->0 
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display or the nature of the suspension, or 
both, but the cells must be at least greater 
than the dimensions of the particles of 
electrophoretic material in the suspension. 
5 By dividing Uie suspension layer into a 
plurality of cells or units a more uniform 
or sharply defined display can be produced 
because movement of the electrophoretic 
material is confined to the limits of each 
10 cell. Suspension material in different cells 
of the same assembly may emit light of 
different colour. The suspension units are 
preferably disposed between electrodes, one 
of which has a plurality of segment eiec- 

15 trodes as shown at E u E Si E, in Figure 

12b corresponding to and in contact with 
the suspension in the individual cells, the 
odicr electrode being transparent and ex- 
tending over the transparent wall 24 of the 
20 housine, also as show-fezHgure 12b. If 
the ccfis arc very numerous, the electrode 
E,, E,. etc. can be formed as dots. In 
this way, each cell with its portion of the 
suspension layer between an electrode scg- 
25 ment and the common electrode forms an 
individually ccntrcllablc picture element 
Each ceil can be caused to produce a colour 
image by applying a direct village between 
the common electrode 23 and the selected 
30 segment electrode while the suspension layer 
units are exposed to radiation flux. 

One way to provide dec trodes for a num- 
ber of such cells which arc in an orderly 
pattern is to provide a first electrode struc- 
35 ture consisting of a plurality of strip elec- 
trodes parallel to each other and a second 
electrode consisting of a plurality of strip 
electrodes which are disposed at right angles 
to the strips of the first electrode, similar 
40 to the arrangement shown in Figure 7. The 
cell located at each intersection of a strip 
of die first electrodes and a strip of the 
second electrodes can then be selectively 
activated, and can be used as a picture 
4S element The cells can then, by use of a 
suitable suspension, be arranged to emu 
different colour light, for example red light 
as at 50R, green light as at 50G. or blue 
iisht as shown at SOB in Figure 12c The 
50 production of a suitable electric field by 
appropriate voitaccs impressed on the elec- 
trodes can be arranged to cause selected 
picture elements to reproduce a luminesc- 
ent coloured image on the display panel. 
55 A display panel for producing a colour 
image can be provided by using mosaic 
colour filters and a suspension capable ot 
changing in shades of grey between Wack 
and white; areas of the transparent wall of 
60 ihe housing or the transparent electrode 
corresponding to each picture clement in a 
display panel of the type shown in Figures 
7 or 12b arc selectively coloured so that 
it acts as a colour filter, for example, for 
65 red, crecn or blue. However, a display 



device having at least three kinds of suspen- 
sions, that is red. green and blue, gives a 
better colour rendering, especially with re- 
spect to die brighutess of the high lights, 
than can a panel with the mosaic colour 70 
filter on the transparent waH or electrode. 

A monogrammatic character display 
panel, similar io that described with refer- 
ence to Figure 6. can also be formed by a 
series of individual units each correspond- 75 
ing to one of the segmental electrodes 
shown. 

It is not necessary that the suspension 
layer should be defined by plane surfaces, 
and curved surfaces can be used. For cx- 80 
ample, in Figure 14, the suspension layer 
50 is enclosed in a housing consisting prin- — 
cipally of two concentric cylinders 75 and 
76. The inner cylinder 75 .carries an elec- 
trode ^79-Shd cylirfaeT76^am^ electrode -73 85 
attached thereto. Electrodes 79 and 73 are 
similar in nature io electrodes 52 and 53. 
The cylinder 75 can be constructed to en- 
close a gas such as. for example, argon or 
kryp 10 * and mercury capable of sustaining 90 
a gas discharge. With the gases mentioned, 
ultra-violet radiation, mainly at 2537A, is 
entitled if an electric field is applied to the 
gas in conditions to cause a suitable dis- 
charge. 95 

The inner cylinder and the electrode 
attached to the outer surface of -the cylinder 
are transparent to the radiation flux. The 
outer cylinder aud the electrode on its inner 
surface are transparent to visible light A 100 
direct voltage from a voltage source 30 is 
applied between the electrodes so as to con- 
trol the spatial distribution of the clectro- 
phorctic material of the suspension and 
thereby the luminescent appearance of the 105 
device. The source 30 can supply not only 
the direct voltage but also said electric field, 
such as an alternating field for producing 
the gas discharge. The inner, surface 101 
of the inner cylinder can have upon it a 
coating of fluorescent material to convert 
the light in the ultra-violet spectrum from 
the gas discharge into radiation in other 
parts of the spectrum. The device in Figure t 
14 is useful as a fluorescent lamp, the colour "5 
of which can be changed by varying the 
intensity, duration time of application and 
the polarity of applied direct voltage. 

The amount of electrophoretic material 
in a suspension medium or the thickness of 120 
the electrophoretic suspension layer is selec- 
ted, depending upon the opacity, luminesc- 
ent property or electrophoretic property of 
the electrophoretic material, the range of 
colour change required in the device, feasi- 125 
bility of the voltage souce and so on. 

Siuec the display devices described are 
oi the luminescent type, a'componerit of the 
suspension layer must be opaque with re- 
spect to the radiation flux and /or visible 130 
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. change. The usually re- 

thc Wgher Uie , jg^^Saa layer, 
quired. The «" in ^ c ^ Uo ^ of clcctro- 
5 the greater the co ""S for a given 
phorctic matenal rcqured tot 

colour change. The ^ JLvices is usuatty 

10 Mowing » o»n.pl« of s«ttab'. e 

material. 

E Ten'glarflS of Cyanine green B particles 

15 which * P^S*?™^Co%- 
Dainippon Ink Chemical inau 

■« wdHn a bKl to 
. olive od and blended ^ was 

produce ■ • second pa** u ™f K f vie Ji 5 „ 

_ had a taint g.e-n ^, ur bhWc particles 

30 white light. Tne »»- kJ ^StUv and did 

had weal; P° smv L C t S-e^ek^ Sophoicrfc 
not show any noUvCaUw ftf t!ic 
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iuniiuc»-»iiv w 1 

having a taickness « h " m ,r a tfans- 
40 was a transparent P^JJ^f Uicrc- 

when a direct voltage of oCU / wis 
lamp. vwji a p electrode as 

so ffttfitt jf^WPSE- 

K/^IariTyoMne'Vpl^ voltage 
Wh Uie colour of the suspension 

was reversed, tne ^ luminescent 

g? d£S £ brightness by varyuis ; the 
„«it«I^time of application or polarity of 
S IrTpUcd vol^ The displayed co our 

60 ^ JSffiL Site SenSSW could 
SSdSSte «!» colour on application 
• , dirSt voltage when viewed under 
wV.ife Ugh? -nS%ine sulphide particles 



U ced were electroluminescent and the sus- 65 
p^ion layer radiated d^g™^" 11 
IWil on application of an elcctru, ««% 

A direct vollage of 300 V was applied 
b«twccn the EC dass electrode as cathode 
S£Tn£ almninium plate as anode. After 70 
35. " hen a sinusoidal alternating voltage 
of -150V at 1 kHz was applied between he 
wo" electrodes, the saspcnsion ayer emitted 
a bridit sreen light through the EC glass. 
When the sinusoidal voltage was applied 7a 
between the two electrodes after apP.l'f uon 
of a direct voltage of reverse polarity, the 
suspension layer was deep green. As men- 
»inn«l above the suspension layer in tnis 

violet licht or an altcniatmg electric field 
was applied to it. The cell was useful as 
a colour change panel in which green bngnt- 
ncss~could be controlled.--— .- -■- ;_ ■ 

•> 85 
^TCTOTins of lluorescciiJ powder particks 
supplied" as EL-RI by Dainippon Pamt 
Conioany in Japan, in a maut body of zinc 
s.:lnhidc was added to 50. m of toluene dis- 
solved ton grams of vinyl aviate resin 90 
therein and mixed well by application of 
ultrasonic vibration to produce a paste. 

The surface of screen sheet Jso. UWO 
suoDlied bv Uie Teijin Company of Japan 
Sff wia of polyester fibre was. coaled 95 
with the paste to produce a luminescent 
porous layer. The porous bw em u^ red 
h«ht when cxnosed to ultraviolet light from 
a'biack light lamp. Five grams of Uie 
fluorescent powder particles as used in Ex- iw 
ample 1 weVe added to 50 ml of isopropjl 
alcohol and mixed well by an ultrasonic 
vibrator to produce a suspension. Jlie 
powder particles had negative charge pol- 
arity in usopropyl alcohol. The luminescent 105 
porous layer was inserted between two screen 
Sheets No. 1350 supplied by Teijin Com- 
nany of Japan to produce a sandwich: a 
Sousing wis fashioned by inserting the 
Swich between an EC glass electrode and 1 10 
an aluminium plate, and Uie housing was 
filled wttli the suspension to produce a 
luminescent dectrophorctic suasion layer. 
The housing was made hquiu-tight by an 
adhesive agent What the suspension layer Ha 
was exposed, through the EC glass elec- 
trode, to ultra-violet light from a blaok 
lidit lamp, the suspension layer emitted 
vdlowlicht When a direct voltage of 25V 
was applied between the EC glass electrode . 120 
as anode and Uie aluminium plate as cath- 
ode, the luminescent colour of MV^PfJ 1 * 
sion layer was green under ultra-violet light. 
Application of a direct voltage of reverse 
polarity between the EC glass electrode and 125 
the aluminium plate changed the luminesc- 
ent colour of the suspension layer from 
«reen throush vellow. to red. A sinusoidal 
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alternating voltage of 150 V and 60 Hz 
was half -wave rectified by a rectifier so as 
to produce repeated unidirectional pulses of 
voltage and when this pulse voltage was 
5 applied between the EC glass electrode and 
the aluminium plate, the suspension layer 
emitted electroluminescent orange light 
when the EC glass electrode was the cath- 
ode and green light when the glass was the 
10 anode. , c . 

The device of this example was useful 
as an electric colour changeable panel cap- 
able of being altered in colour from green, 
through yellow, to red and vice versa tinder 
15 excitation by ultraviolet light 

Attention is directed to our co-pending 
Applications 19611/70 and 19612/70 (Serial 
Nos. U13.412, 1,313.413) which contain 
claims directed respectively to devices and 
20 to methods of opcratmg^csriccs utilizing 
electrophoretic movement 



WHAT WE CLAIM IS: — 

1. A display device comprising a layer, 
including a luminescent material, the lumi- 

25 ncscent appearance of the device being 
controllable by electrophoretic movement of 
an electrophoretic material in said layer. 

2. A display device in accordance with 
claim I, wherein said electrophoretic ma- 

30 terial is luminescent 

3. A display device in accordance with 
claims 1 or 2. and comprising a luminesc- 
ent non-electrophoredc material. 

4. A display device comprising a layer 
35 including a suspension medium and at least 

one material in a form susceptible of elec- 
trophoretic mobility suspended on said 
medium, at least one of the components of 
said layer being luminescent material and 
40 at least one of the components of said layer 
being substantially opaque to the radiation 
which excites the luminescence or to visible 
light emitted by the luminescent compon- 
ent said suspension being bounded by op- 
45 posed surfaces, spaced electrodes positioned 
with respect of said surfaces whereby on 
applying an electric field across said layer 
between said electrodes, the spatial distri- 
bution of said electrophoretic material be- 
50 tween said surfaces is electrophoretically 
changed whereby to change -the- luminescent 
appearance of said device. 

5 A display device in accordance with 
claim 4. wherein said surfaces are generally 

55 P 3 ^? 11 ^ diS pj a y device in accordance with 
claim 5, wherein electrodes are positioned 
to impose on said suspension a field winch 
is substantially at right angles to the said 

60 surfaces. . , . . 

7 A display device in accordance with 
claims 4, 5 or 6, wherein at least one 
electrode is positioned on one of said sur- 
faces. 



8. A display device in accordance with 65 
any of claims 4 to 7 wherein a wall mem- 
ber defining at least one of said surfaces is 
transmissive to energy for exciting said 
luminescent material. 

9. A display device in accordance with 70 
any of the preceding claims, wherein said 
luminescent material is capable of being 
rendered luminous by electromagnetic radi- 
ation. 

10. A display device in accordance with 75 
claim 9, wherein said radiation is in the 
non-visible spectrum. 

11. A display device in accordance with 
claim 10. wherein said radiation is in the 
ultra-violet range. 80 

12. A display device in accordance with 
any of the claims 4 to 8, wherein said 
radiation is energy from a radioactive 
source. — 

13. A" display deviafln TCOordance with 85 
claim 12, wherein said source is an em- 
bodied part of said display device. 

14. A display device in accordance with 
claim 13, wherein said source is in said 
suspension. 90 

15. A display device in accordance with 
claims 12, 13 and 14, wherein said energy 
is radiation from a radioactive isotope of 
radium, strontium 90, tritium or promc- 
thium 147, 95 

16. A display device in accordance with 
any of claims 4 to 15 comprising means 
for applying a voltage between said elec- 
trodes. 

17. A display device in accordance with ioo 
claim 16, and comprising means for im- 
pressing an alternating electric field on said 
layer. 

18. A display device in accordance with 
claim 16. and comprising means for im- 105 
pressing a repetitive tini-dircctional pulse 
field on said layer. 

19. A display device in accordance with 
any of claims 4 to 18, wherein at least said 
electrophoretic material is luminescent no 

20. A display device in accordance with 
any of the preceding claims and comprising 
at least two electrophoretic materials, which 
differ in charge polarity. 

21. A display device in accordance with 115 
any of claims 1 to 19, and comprising at 
least two electrophoretic materials, which 
differ in electrophoretic mobility. 

22. A display device in accordance with 
any of the preceding claims, and comprising 120 
at least two electrophoretic materials which 
differ in luminescent properties. 

23. A display device in accordance with 
any of claims 4 to 22 wherein said suspen- 
sion medium is luminescent 125 

24. A display device in accordance with 
any of claims 4 to 23^ and comprising a 
porous layer inserted in said suspension 
medium. 
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,< A display device in accordance with 
cldm 24 ££& said porous layer is lumi- 

"ITa display device in accordance with 
26. A aispia? ^ d uspen . 

5 any of claims 4 to Z5, V[i ie ^' u f r: „ id 3 CC _ 
sion further contains a b.ndcr for sa id etcc 

10 m 27 U "a display device in accordance with 
l ° anyrfdairr^V"^ 

Sfffft^ with 
claim 27. S said suspense medium 

15 is if 1 fSafdevto in accordance with 
anfof S 4 to 26 Nvuerein said suspen- 

for applying an i electric ^ficM to saia * ^ 
&?JZttZ3$fo*» and/or 

25 P °3f ^ display device in accordanee^th 
any of the claims 4 to Jgr Tomsuiz 

housing, w^^^^toi* 
Pn'fwa'n? Sv£l*icred%^pension 

T<- i,s i£ A di cniay device in accordance with 
35 . • « «Sn one electrode and the 

parent ^ tesp«t^d ener^ 
lion and lias onc ( . transparent 

data 3Z Sri. « ^S^K? £ 
,lB S A display device in accordance with 
Si llTdM°ay dcS'in accordance with 



anv of claims 4 to 35. wherein at least one 
of sa°d electrodes is formed as a series of 
frldScndcnt electrodes disposed on a com- 60 
m0 r i surface. . n accord ^ 

17 wncrcui said electrode is formed 
^L^SfifitWfr Parallel strips of ^ 

••yi Say' device in accordance with 
claim 38 wherein the other .electrode is 
forrncd as a scries of substantially parallel 
S T ISSdS^ordance^h 70 
claims 38 and 39. wherein the strips of l ie 
SSctive series are disposed substantially 

at 4 f VStey device in accordance with 
claim 37. and comprising means to define 75 
iSdual bodies of suspension pertaining 
to S controllable- by said independent 

electrodes. ^ acco rf ance with 

claim 41 wherein said individual bodies of 80 
su^ensio.1 have different luminescent prop- 

^43* A display device in accordance with 
anv of claims 4 to 42. wherein at least one 
X electrodes is provided with an insulat- 85 
ins layer in contact with said suspension. 

44 A display device in accordance with 
claim 32 wherein said transparent housing . 
wa l or said transparent electrode lias a 
mosaic of colour filters thereon. 90 

45 A display device in accordance with 
anv of claims 4 to 44 and comprising cylin- 
drical inner and outer walls confining said 
suspension^ ^ accord with 95 

claim 45. wherein die interior of said inner 
wa conttlns a gas. and comprising means 
for producing a luminous electric discharge 
in said Sas- . r accordaucc with 100 

any of the claims 4 to 46 said device being 
^association with an electron .beam de- 
vice, the beam current of which is adapted 
to control the electric field existing across ^ 

*48. la An improved display device sub- 
stantially as described, with reference to the 
accompanying drawings. 



A. A. THORNTON & CO.. 
Chartered Patent Agents, 
Northumberland House. 
303/306 Hieh Holborn. 
LondonTW.Cl. 
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